As the long arm of the grinding, deep financial crisis continues to haunt the global economy, the effects of inflation and time value of money cannot be oblivious to an inventory system. Inflation, defined as a general rise in the prices of goods and services over a period of time, has monetary depreciation as one of its major side effects. And, since inventories correspond to substantial investment in capital for any organization, it would be unethical if the effects of inflation and time value of money are not considered while determining the optimal inventory policy. Moreover, deterioration of items is a phenomenon which cannot be ignored, as it may yield misleading results. Further, under the inflationary conditions, the different cost parameters including the price are bound to vary from cycle to cycle over the planning horizon. Another important factor is shortages which no retailer would prefer, and in practice are partially backlogged and partially lost. In order to convert the lost sales into sales, the retailer offers such customers an incentive, by charging them the price prevailing at the time of placing an order, instead of the current inflated price. Therefore, bearing in mind these facts, the present paper develops an inventory model for a retailer dealing with deteriorating items under inflationary conditions over a fixed planning horizon. The objective is to derive the optimal number of cycles and cycle length that maximizes the net present value of the total profit over a fixed planning horizon. An appropriate algorithm has been proposed to obtain the optimal solution. Finally, a numerical example is provided to illustrate the proposed model. Sensitivity analysis of the optimal solution with respect to major parameters is carried out and some managerial inferences have been presented.
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Introduction
Traditionally items kept as inventory are tacitly assumed to have an infinite lifespan or presumed to be perfect throughout the business cycle. But in reality, many products impair in quality, character or value due to spoilage, vaporization, dryness or due to changing technological trends. Hence the item may not serve the purpose after a period of time and will have to be discarded as it cannot be used to satisfy the future demand of customers. Thus for managing inventory in a realistic scenario, the effect of deterioration cannot be ignored. In the past many researchers have analyzed different inventory problems incorporating the phenomenon of deterioration; the research has been summarized in different survey papers (Raafat et al. (1991) , Goyal & Giri (2001) and Bakker et al. (2012) ).
Moreover in today's unpredictable market and due to changing consumers' preferences, a stock-out situation may arise in any business. Stock-outs are frustrating for the consumer and costly for the retailer, as they are likely to lose almost one-half of the intended purchases when a consumer confronts an outof-stock item. According to the literature of inventory control theory, most of the inventory models were developed under the assumption that "shortages are allowed and completely backlogged". However nowadays customers are often fickle and increasingly less loyal, which eventually results in only a fraction of the customers waiting for the product till they arrive. In reality, for fashionable commodities and high-tech products with short life cycles, the backorder rate decreases with the length of waiting time. Hence in today's market structure, partial backlogged shortages are a more practical assumption for better business performance.
The first effort in which customer's impatience functions is proposed seems to be that by (Abad, 1996) . Abad derived a pricing and ordering policy for a variable rate of deterioration and partially backlogging. The partially backlogging was assumed to be exponential function of waiting time till the next replenishment. Chang & Dye (1999) developed an inventory model in which the proportion of customers who would like to accept backlogging is the reciprocal of a linear function of the waiting time. Teng et al. (2002) and Teng et al. (2003) then extended the fraction of unsatisfied demand backordered to any decreasing function of the waiting time up to the next replenishment. Teng & Yang (2004 further generalized the partial backlogging EOQ model to allow for time-varying purchase cost. Dye et al. (2007) modified the Abad's model taking into consideration the backorder cost and lost sale. Shah & Shukla (2009) also developed a deterministic inventory model in which items are subject to constant deterioration and shortages are partially backlogged.
Apart from the above mentioned facts, inflation is a crucial attribute of today's esoteric economy which cannot be shrugged off. The term 'inflation' particularly used in an economic context literally means to blow up or get bigger. However the most common economic meaning of inflation is: reduction in the value of money i.e., monetary depreciation. As a result prices of commodities rise which subsequently curbs the purchasing power. Further from the financial perspective, inventories correspond to substantial investment in capital for any organization; hence it would not be ethical if the effects of inflation and time value of money are not considered while determining the optimal inventory policy.
In the past many authors have developed different inventory models under inflationary conditions with different assumptions. To relax the assumption of non inflationary effects on costs, (Buzacott, 1975) and (Misra, 1975) simultaneously developed an EOQ model with a constant inflation rate for all associated costs. Bierman & Thomas (1977) proposed the economic order quantity model considering the effect of both inflation and time value of money with incorporated the discount rate. Misra (1979) gave a note on the optimal inventory management under the impact of inflation. Datta & Pal (1991) studied the effect of inflation and time-value of money on an inventory model with linear time-dependent demand rate and shortages. Several other researchers have worked in this area like (Wee & Law, 1999 , (Yang et al., 2001) , (Jaggi & Goel, 2005) and many more. (Moon et al., 2005) developed EOQ model for deteriorating items under inflation and time discounting. (Jaggi et al., 2006) investigated the optimal ordering policies for deteriorating items with inflation-induced demand. Chern et al. (2008) proposed partial backlogging inventory lot-size models for deteriorating items with fluctuating demand under inflation. Jaggi & Khanna (2008) studied the impact of inflation and credit policies on a production lot size model. Thangam & Uthayakumar (2010) developed an inventory model for deteriorating items under inflationary conditions using a discounted cash flow (DCF) approach over a finite planning horizon in which the demand rate was a function of inflation. Yang et al. (2010) presented an inventory model for deteriorating items with stock dependent consumption rate and partially backlogged shortages under inflation. They have considered time varying replenishment cycles and shortage intervals, but they did not incorporate the effect of inflation on the cost parameters. Bansal (2013) developed the inventory model for deteriorating items under inflation with two cases: first is shortages are not allowed and second is shortages are allowed with complete backlogging. Recently, (Bhaula & Kumar, 2014) derived an optimal inventory replenishment policy for two parameters Weibull deterioration with stock-dependent consumption rate, shortages under inflation and time discounting over a finite planning horizon.
However, all the above mentioned papers on inflation and shortages, have considered the impact of inflation in their modelling, and the prices they charge to their customers during the stock out period are the prices of the next period, i.e., the time at which the retailer receives his ordered lot, which is rather immoral. Indeed by charging them the inflated price of the next period, retailers are penalizing their loyal customers. Moreover, it is observed that the customers who experience stock-out would be less likely to buy again from the retailer, as they may have alternative stores in the market to purchase the same product. Thus in order to convert the lost sales into sales, the retailer offers them an incentive, by charging them the price prevailing at the time of placing an order, instead of the current inflated price. This encourages the customer to wait for his order and come back, and subsequently the retailer is able to reduce his lost sales. Such a concept has not been addressed by the researchers yet in their modeling. Furthermore, the study has been conducted using Discounted Cash Flow (DCF) approach, as it helps to determine organization's current value according to its estimated future cash flows in inventory analysis. Finally the model has been validated with the help of a numerical example. A comprehensive sensitivity analysis has also been performed to investigate the effects of deterioration, inflation and backlogging parameter on the optimal inventory replenishment policies. = and ( 1, 2,...., )
Consider the i th cycle 1 ( ), t ) shortages are allowed to accumulate. However, only a fraction of the customers wait for the product till they arrive, so shortages are partially backordered, and partially lost. Thus a portion of the order quantity received at 1 i t is used to satisfy the backorders, and the remaining is used to satisfy the demand of the current cycle. So during the time period ( 1 i t i t ), the inventory gradually diminishes to zero due to the combined effect of demand and deterioration. Now, 1 1
where kT is the fraction of the cycle having shortages. The inventory scenario is depicted graphically in Fig.1 .
Fig. 1. Pictorial Representation of Inventory system
The inventory level at any time t during the i th replenishment cycle is governed by the following differential equations:
t ,t the inventory is depleted by the combined effect of demand and deterioration. Hence, the inventory level at any time t is ( ) ( )
The solution of the differential equation given in Eq. (1) with the boundary condition ( ) 
After using the boundary condition ( )
The maximum amount of positive inventory is
The maximum number of backordered units is
Hence, the economic order quantity i Q for i th cycle is
Moreover, the present model has been developed under inflationary conditions. Hence, one simple way of modeling is to assumeα , the constant rate of inflation. Therefore, the various costs as the ordering cost, unit cost of the item, inventory carrying cost, shortage cost, cost due to lost sales and selling price at any time t are given by
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The model begins at time 0 t , when shortages start to accumulate at the price of ( )
an ordered lot is received in the system from which the backorders accumulated till 11 t are satisfied at the same prevalent price ( ) 0 p t , when the customers have placed their order. However, due to inflation the selling price of the items would be ( )
for the customers coming during the period ( ) 11 1 t ,t . The same process would be followed for the i th cycle.
Now, the present value of the profit for the i th replenishment cycle is given by sales revenue -ordering cost -purchasing cost -holding cost -shortage cost -cost due to lost sales. Thus, by assuming continuous compounding of inflation and time value of money, the present value of the various costs for i th cycle are evaluated as follows: 
2. Present worth of the ordering cost for i th cycle is
3. Present worth of the purchase cost for i th cycle is 
5. Present worth of the cost due to lost sales for i th cycle is 
Now, the present value of the total profit i TP for the i th cycle is given by the following expression:
The present worth of the total profit of the system during the entire time horizon H is 
Now, the problem is to determine the optimal values of k and n which maximize ( ) , TP k n . Since, the profit function ( ) , TP k n , is a function of two variables k and n, where k is a continuous and n is a discrete variable, therefore, for any given value of 0 n n = (say), the necessary condition for ( ) 
Further, for the present worth of total profit ( ) , TP k n to be concave, the following sufficient condition must be satisfied 
However the second derivative of the present worth of total profit ( ) , TP k n is a very complicated function, thus it is very difficult to prove concavity mathematically. Therefore, the concavity of the present worth of total profit has been established graphically (on several data sets) with the help of Maple (Fig. 2) .
Special Cases
In this section, we will discuss some special cases that influence the total profit. Case 1.In this case complete backlogging is considered i.e. δ=0 then the total profit becomes 
Case 3.When there is no inflation and time value of money ( , 0 r α = ), then the total profit of the system is ( )
Solution Procedure
In order to obtain the values of k and n which maximize the total profit ( ) , TP k n , the following procedure (Jaggi et al., 2006 ) is adopted.
Step 1: Solve Eq. (17) Step 2: Compute ( ) Step 3 can be obtained from Equation (7). Else, go to Step 4.
Step 4: Replace p n by 1 p n + and go to Step 1.
Numerical Examples
Let us consider an inventory system with following data:
Example: 1 
Moreover the optimal replenishment schedule is given in Table 1( b) . Further, the concavity of total profit function is shown in Fig. 2 . 
Solution:
The optimal solution in this case is as follows:
where Q is the lot size in each replenishment cycle. Further, the concavity of total profit function is shown in Fig. 4 .
Example: 4
Let 0 
Solution:
The optimal solution in this case is as follows: Further, the concavity of total profit function is shown in Fig. 6 . Comparative analysis with special cases 
Sensitivity Analysis
The change in the values of parameters may happen due to uncertainties in any decision-making situation. In order to examine the implications of these changes, the sensitivity analysis will be of great help in decision-making. Using the numerical example given in the preceding section, the sensitivity analysis of parameters α and θ has been done in Table 3 .
Table 3
Impact of α and θ on the optimal replenishment policy From Table 3 , it is observed that:
 When the rate of inflation α increases (with constant discount rate), then the present value of total profit ( ) , TP k n and economic order quantity also increases significantly while optimal number of cycle's n decreases (i.e. cycle length T increases). The management repercussion of this result is quite apparent, since due to rising inflation the cost of goods increases, therefore it would be wise for the retailer to place a big order for a longer period of time in order to sustain his profits.  Further, as the deterioration rateθ increases, then the present value of total profit ( ) , TP k n and economic order quantity decreases noticeably whereas the optimal number of cycles n increases (i.e. cycle length T decreases). Since the worth of an item switches to zero because of deterioration, hence it would be economical for the retailer to order small lots for a shorter period of time so as to control the losses of deteriorating items.
Also, the effect of backlogging parameter δ on the optimal ordering policy has been shown in Table 4 . Table 4 implies that with an increase in backlogging parameter δ, i.e., a decrease in backlogging rate, the present value of total profit and order quantity decreases substantially, whereas the cycle length increases (i.e. number of cycle's n decreases). As a fraction of the order quantity is used to satisfy the backlogged demand, therefore a large value of backlogging rate, which means less of backlogged demand, decreases the order size. Eventually a smaller order lot results in stumpy profits.
Conclusion
In today's competitive market, uncertainty about future inflation may discourage investment and saving; and high inflation may lead to shortages of goods if consumers begin hoarding out of concern that prices will increase in future. Hence, ignoring the presence of inflation in inventory systems may yield deceptive results. In addition, stock out situations might turn out to be unfavorable for the organization if not handled vigilantly. Undeniably, the customer confronting a stock out situation should be the topmost priority for the retailer and must be given a satisfactory attention. Thus, accounting to such a scenario, these customers are being offered incentive i.e., by charging them the same price prevailing at the time of placing an order, instead of the inflated price of the next period. This aspect has not been addressed by the researchers yet in their modeling. Moreover, the different cost parameters including price are assumed to be varying from cycle to cycle, since this is basic repercussion of inflation. Therefore, a more pragmatic inventory model has been presented by incorporating some of the realistic phenomenon viz. deterioration, inflation and partially backlogged shortages over a fixed planning horizon, with time varying replenishment cycles, shortage intervals, and cost parameters; which is very closer to reality.
Findings have been validated with the help of a numerical example, and sensitivity analysis of the optimal solution with respect to various parameters has also been presented. It is observed that that inflation and deterioration, owing to their very nature, demonstrates a push and pull effect on the optimal order size. Moreover, it is perceived that with a reduction in the backlogged demand, the order quantity decreases, which eventually results in low profits.
A further study would be to extend the proposed model with different types of variable demand such as price dependent demand, stock dependent demand etc. The model can also be developed under the condition of permissible delay in payments. Moreover the present investigation can be extended to include imprecise environments such as fuzzy, rough, bi-rough, random-rough, rough-random, etc.
